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Abstract

In this study, we compare the development of infection and/or disease in Beagle dogs intrader-
mally infected with_eishmania chagasin the presence or absencd.atzomyia longipalpisaliva,
with those of intravenously infected animals.

Spleen samples of all the animals inoculated with parasites had positive polymerase chain re-
action tests folLeishmaniaDNA. Positive spleen cultures fdreishmaniawere detected earlier
(P < 0.018 and were more frequent (five out of the five animals) in intravenously infected ani-
mals than in the intradermally infected animals, in presence (two out of the six animals) or absence
(three out of the five animals) of salivary gland lysaté dbngipalpis Significantincrease in serum
antibodies againgteishmaniavas observed only in the intravenously infected gréBp= 0.004).
In addition, dogs with infection confirmed by isolation of amastigotes or detection of parasite DNA
were, nevertheless, negative for angiishmaniaantibodies up to 5 months or more after infection.
Only animals of the intravenously infected group developed progressive decreases in hematocrit
(Pearsom = —0.8076,P = 0.0026) and hemoglobin (Pearsoe= —0.8403,P = 0.0012) during
the infection period. No significant difference in the course of infection was observed between
groups of intradermally infected animals. The data presented herein confirms that the intradermal
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inoculation of dogs with_eishmanigproduces an asymptomatic form of infection. It also fails to
show an advantage in usihg longipalpissaliva as an infection-enhancing agent in experimental
canine leishmaniasis.

© 2003 Elsevier Science B.V. All rights reserved.
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1. Introduction

Zoonotic visceral leishmaniasis is a disease causéglshmania infantufh.eishmania
chagasithat affects dogs and human beings in the New World and in several European
countries Lainson and Shaw, 1978; Enserink, 2D0d fact, the dog is considered to be
the main domestic reservoir of the diseaBedne and Deane, 1955; Dye, 1996

A vaccine against canine visceral leishmaniasis (CVL) would be of great relevance both
for epidemiological control of human disease and in veterinary medicine. The generation of
such vaccine would be largely facilitated by the existence of adequate experimental models,
so that initial trials of vaccine candidates could be carried out under safe and controlled
laboratory conditions.

The current models of experimental canine leishmaniasis use large number of culture-
derived promastigotes injected by the intravenous or the intraperitoneal routes. More than
80% of these parasites are promptly lysed by complentapares et al., 1993releasing
relatively large amount of antigen. There are also differences between the immune responses
raised against antigens injected in the skin and blood str&aenter et al., 1983 Other
authors Abranches et al., 1991; Oliveira et al., 1988ed amastigotes, which are antigeni-
cally distinct from promastigotes, the naturally infective form of the parasite for mammals
(Zzhang and Matlashewski, 19pherefore, although these experiments reproduce some
features of CVL, their differences with natural infection may hinder the interpretation of
results obtained in experiments designed to assess the efficacy of vaccine candidates.

In nature, dogs are infected with promastigotes injected in the skin by sand flies. After
infection some dogs remain asymptomatic, but many develop a progressive disease with
lymphoadenopathies, dermatitis, weigh loss, anemia and locomotion problems. The ideal
model of canine leishmaniasis to be used in vaccine and immunotherapy studies would
reproduce the immunological aspects of natural infection and disease, including the char-
acteristics of an immune response generated to antigens injected in the dermis. It would,
therefore, use the skin as the route of infection and low number of metacyclic promastig-
otes {Varburg and Schlein, 1986In order to be cost-effective, the model should induce
disease in a short observation period (2—4 months would be a reasonably short pre-patent
period for laboratory work with dogs, a period also observed in natural infedloreno
and Alvar, 2002. The model should also induce disease in all the animals, allowing for
small groups to be used, fulfilling the ethical and economical requirements of reducing the
number of animals used in experiments. Experiments performed using skin as a route of
parasite inoculation in dogs, however, lead to the appearance of signs of infection only after
a long period of follow-up, and in most of the animals disease is never evidardr{hos
et al., 1993; Killick-Kendrick et al., 1994



M. Paranhos-Silva et al. / Veterinary Parasitology 114 (2003) 97-111 99

Titus and Ribeiro (1988)roposed thdtutzomyia longipalpisaliva enhances tegumentar
infection with Leishmania majoin mice. Since then, this observation has been confirmed
by using different strains of mice and specied efshmaniahat cause cutaneous lesions
(Theodos et al., 1991; Lima and Titus, 192$hdL. chagasiinfected hamsters/Narburg
et al., 1994. In a previous study, we used lysate of salivary glands ftotongipalpisin
an attempt to enhande chagasiinfection in mongrel dogsRaranhos et al., 19%3No
clinical, parasitological or serological signs of infection were observed in any of the nine
dogs inoculated intradermally with. chagasj with the exception of a dog that received
Leishmanian saline Killick-Kendrick et al. (1994)infected Beagle dogs with. infantum
associated witRPhlebotomus perniciosssilivary gland lysate (SGL). Their study, however,

did not investigate a possible enhancing effect of sand fly saliva, since the same animals
were subjected to injections of parasites with and without SGLs. The authors were unable
to observe macroscopic or histological differences in sites of dermal infectionLwith
infantumin the presence or absence of SGL. Only 12 out of the 25 parasite-inoculated
animals developed clinical signs of disease.

The aim of this work was to improve the experimental model of CVL to be used in future
tests of vaccine candidates. In order to do that, the possible efféctiofgipalpisSGL
on the enhancement of intra-cutaneous experiméntahagasiinfection in Beagle dogs
was investigated. We chose to work on Beagle dogs because of a possible high resistance
of mongrel dogs td_eishmaniainfection Oliveira et al., 1998 which were used in our
previous study with_. longipalpissalivary glandsRaranhos et al., 19930ur hypothesis
was that sand fly SGL would enhance the infection of dogs Wwitthagasi leading to an
early viceralization and to the progression of infection to symptomatic disease. The course
of intradermallL. chagasiinfection in the presence or absenceloflongipalpis saliva
was therefore followed up in Beagle dogs. As a reference we infected a group of animals
according to a classical model, injecting large number of parasite by the intravenous route.
In our (Paranhos et al., 199&nd in other groups’ experiencaligéto et al., 1999 this
intravenous inoculation dfeishmanialeads to parasite dissemination to internal organs
and positive serological tests for ah&ishmaniaantibodies.

2. Material and methods
2.1. Parasite and antigens

L. chagasipromastigotes (8J96 strain) were isolated from the spleen of a dog from
the endemic area of Jequié (Bahia State, Brazil) and characterized by reactivity with
species-specific monoclonal antibodies (G. Grimaldi, Fundacdo Oswaldo Cruz, Rio de
Janeiro). The parasites were grown in vitro using a modified liver infusion tryptose (LIT)
medium containing 25 mg/l of hemin, 20% RPMI 16&xfsgursky and Brodskyn, 1986
and 10% of fetal calf serum. Parasites were washed three times in 0.15 M phosphate buffered
saline (PBS), pH 7.2, resuspended in PBS containing 1% bovine serum albumin (BSA)
(PBS-BSA) and used for infection. The percentage of complement-resistant promastigotes
presentin this suspension was 26%, as determined according to the technique described by
Soares et al. (1993JheLeishmanidysates used for ELISA were obtained franchagasi
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(MHOM/BR2000/Merivaldo?2 strain) promastigotes, by ultrasound treatment@t 4nd
stored at-20°C until used.

2.2. Lutzomyia longipalpis salivary glands

Sand flies (from Jacobina, Bahia, Brazil) were reared at the Goncgalo Moniz Research
Center, as described previousherlock and Sherlock, 19h%alivary glands were isolated
from non-blood-fed, 3-day old female sand flies. Each five pairs of salivary glands were
placed in 1Qul of ice-cold distilled water containing 0.1% BSA. Glands were pooled,
homogenized and made isotonic by addition of 10-fold concentrated PBS. As expected,
the lysate produced cutaneous hyperemia when injected intradermally in rabbits, even in
amounts corresponding to 1/20 of an acinus.

2.3. Dogs and experimental design

Four groups of 20 to 34-month old Beagle dogs ($able 1) were subjected to the
following infection protocols:

Group A: Six animals inoculated with promastigotesLofchagasiin stationary phase
of culture growth, resuspended in PBS containing 1% BSA (PBS-BSA) and
L. longipalpisSGL. Twenty-five microliters of parasite suspension, containing
4 x 10* promastigotes and an amount of SGL corresponding to 1/2 acinus, were
injected intradermally in the internal face of the ear of each animal, using a 29G
needle.

Group B: Five animals injected with &4 10* stationary-phasé. chagasipromastigotes
in 25l of PBS-BSA, without SGL, under conditions similar to those described
for group A.

Group C: Five dogs injected with 28 of PBS-BSA containind-. longipalpisSGL cor-
responding to 1/2 acinus, under conditions similar to those described for group
A.

Group D: Five animals injected intravenously witPElationary-phask. chagasj resus-
pended in 2 ml of PBS, using a 21G1/4 needle.

The parasites used for infection of the animals of the different groups were from the same
growth batch. The number of complement-resistant metacyclic promastigotes injected intra-
dermally and intravenously per dog were, therefor@4k 10* and 26 x 107, respectively,
as determined by the complement-lysis assay cited above. Viability of the parasites in each
preparation was confirmed, by observation of motility of promastigotes under the micro-
scope, in aliquots collected before and after injection in the animals.

Priortoinclusion in this study, the animals were vaccinated against rabies and coronavirus
infection and treated with anti-helminthics. The animals were also examined according to
clinical and laboratorial protocols described below. They were testedeishmaniain-
fection through serology for antieishmaniaantibodies (ELISA) and culture of spleen
aspirate. Animals to be injected with sand fly saliva were also tested for previous sensiti-
zation withL. longipalpissaliva, through ELISA (seEig. 2). All tests produced negative
results. Since mixed groups of male and female animals were used, male animals were
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Table 1
Clinical and laboratory characteristics of the groups of beagle dogs experimentally infectéd ehtigasi
Groups Infection Sex Positive PCR (spleerd Body Lymphoproliferative
age spleen m weigh response toCon-A
(months) culturé® (%)°
L. chagasj 10* + salivary gland lysate, intradermal
Al 24 M - - - + + 7.3 20.4
A2 26 M 9-10, 12 + + - + 20.2 1.7
A3 33 F - - - - 4+ 154 29.4
A4 33 F - + + + + 18.5 27.6
A5 33 F 10 4+ 4+ ND ND ND ND
A6 22 F - ND ND ND ND ND ND
Meanand 29+5 M2:4F 2/6 15.4:5.7
ratios
L. chagasj 10* intradermal
B1 32 F 9 + + + + 121 5.4
B2 34 F — - - + + 24.8 18.8
B3 33 M 10-13 + + + + 7.1 1.4
B4 33 F 9,12 + + + + 14.7 5.8
B5 33 M - ND ND ND ND ND ND
Meanand 33+1 M2:3F 3/5 14+ 7.4
ratios
Negative control
C1l 24 F - - - - = =157 ND
C2 33 F - - - - = 13 55
C3 33 M - - - = - 16.4 5.0
C4 22 M - - - - = 19.2 0.3
C5 22 M — - - - - 311 65.0
Meanand 27+6 M3:2F 0/5 12.8+17.3
ratios
L. chagasi 10® intravenous
D1 20 M 2-13 + + + + 4.9 44.8
D2 33 F 2-13 + 4+ + + 455 ND
D3 33 M 2-7,9-13 + + + + 19.9 6.1
D4 33 F 2-4,6-7,9-13+ + + + -55 14.5
D5 24 F 1-4,6-8 ND ND ND ND ND ND
Meanand 29+ 6 M2:3F 5/5 —6.55+ 24.2
ratios

aMonth after infection.

b Expressed as relative (percentual) body weight gain relative to that observed at the beginning of the experi-
ment.

¢ Stimulation index. Polymerase chain reactions are expressed as negatireppsitive +) for Leishmania
ND: not determined.

subjected to vasectomy in order to prevent fertilization of female animals during the ex-
periments. All animals were kept in the kennel of the Gongalo Moniz Research Center in
downtown Salvador, a non-endemic area of leishmaniasis. Periodical surveys for the pres-
ence of vectors oEeishmaniawere performed with the use of light traps, with negative
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results. All the animals in all groups were identically followed up according to clinical,
parasitological and immunological parameters, as described below. All experiments were
conducted in accordance with the Oswaldo Cruz Foundation guidelines for experimentation
with animals.

2.4. Clinical follow-up of animals

Clinical examinations of the animals were carried out fortnightly by a veterinarian, in
accordance with a previously established protocol. This included measure of body weight
and rectal temperature, as well as inspection of skin and eyes. Five milliliters of peripheral
blood were collected monthly for hematological tests (hematocrit and hemoglobin quan-
tification, erythrocyte and leukocyte counts). The animals were followed up, during all the
course of the experiment, by a veterinarian (RMCM), which provided all necessary med-
ical support for the animals. In the pre-experiment phase of observation we noticed that
some animals developed a slight anemia. Therefore, supplements of vitamins and iron were
provided for short periods for these animals. One of the animals had cystitis, two others
developed gingivitis and one developed a bacterial abscess in the pad. These animals were
treated with penicillin.

2.5. Parasitological follow-up of the animals

Spleen samples were collected each month by aspiration under anesthesia and cultured
in biphasic (agar—blood—Schneider) medium. Cultures were examined weekly for at least 2
months. From 9 to 13 months after infection, spleen aspirates were also processed by PCR
foridentification ofL. chagasDNA (Lopes and Wirth, 1986; Fernandes et al., 19Bgefly,

DNA from spleen aspirates was prepared by incubation &€gdr 3 hours in 10Qul of TE
buffer (10 mM Tris—HCI, 1 mM EDTA, pH 8.0) containing 1@ ml~ of proteinase K. The
protease was theninactivated af@sfor 15 min. The mixture was centrifuged at 12,608
at 4°C, for 15 min, and the supernatant containing DNA stored2@°C until use.

The target DNA for amplification was a 120 bp fragment in the constant region of the
kDNA minicircle. The primers used were’-6GG GAG GGG CGT TCT GCG AA (for-
ward) and a mixture of 5GGC CCA CTA TAT TAC ACC AAC CCC and 5CCG CCC
CTATTT TAC ACC AAC CCC (reverse). The reaction conditions were optimized, using
mimic spleen samples, in order to obtain a sensitivity of less than or equal to one par-
asite per reaction tube. Such optimized conditions were the following: 0.5 pmol of each
forward or reverse primer mixture, deoxynucleoside triphosphate at a concentration of
0.2mM each, 2mM of MgGl, 1.25 U ofTagDNA polymerase (Perkin-Elmer) and pirogen
and RNAse-free BO (Biotecx) in a total volume of 501, including 1-4u.1 of sample DNA.

The reactions were cycled in a Perkin-Elmer (Cetus, CT-2400) thermal cycler by using the
following conditions: 94 C for 4 min, 35 cycles of 94C for 30 s, 50C for 30s and 72C

for 30 s, followed by 72C for 10 min. One positive control (culture promastigote KDNA)
and two negative controls @@ and spleen samples from normal dogs) were included in
each reaction.

The product of the reactions was visualized under UV light after electrophoresis of the
reaction solution in an agarose gel. After denaturation in 0.4 N NaOH, for 1 h at room
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temperature, samples of 20were spotted onto a positively charged nylon membrane
(Hybond-N, Amersham), using a dot blot apparatus (Hybri dot, Gibico), and fixed by UV
exposure for 1 min.

Thea3? P-labeled probe used for hybridization was IPAN V (GeneBank accession number
U19811), corresponding to molecules cloned from the minicircleaishmanigViannia)
panamensisFilters were hybridized at 6%, washed with saline-sodium-citrate solution
containing 1% of sodium dodecyl sulfate and left overnight over an X-ray film7&°C.

2.6. Detection of anti-Leishmania and anti-L. longipalpis saliva antibodies in serum

These were measured in serum samples by ELIBArgnhos-Silva et al., 1996;
Barral et al., 200D Briefly, 96-well plates were sensitized with crude sonicated antigen
obtained from a mixture of logarithmic- and stationary-phlasehagasipromastigotes or
from L. longipalpissalivary glands. The plates were washed, blocked with PBS containing
5% of skimmed milk, and serum of each animal was applied in duplicate at the dilution
of 1:400 (for detecting anti-eishmaniaantibodies) or 1:100 (for detecting anti-salivary
gland antibodies), followed by an anti-dog IgG-peroxidase conjugate (Sigma Chemical, St.
Louis, USA). The enzymatic reaction was developed and measured as described elsewhere
(Paranhos-Silva et al., 1996\l measurements were performed at least twice. In order to
allow a more accurate comparison among groups and among blood samples collected at
different periods, the tests were performed with the samples randomized in different plates.
The results are expressed as meastandard error of the mean (S.E.M.) of the £6hm
obtained by testing sera from different animals in each group.

2.7. Non-specific lymphoproliferative response to mitogen

Peripheral blood leukocytes were separated in a gradient of Ficol-Hypaque (Histopaque
1077-Sigma, USA). Viable mononuclear cells were adjusted¢a@ ml~1in RPMI 1640
medium (Gibco), supplemented with 10% of normal canine serumghl of gentamycin,

10 mM of 4-(2-hydroxyethyl) piperazine-1-ethanesulfonic acid (HEPES, Sigma) and 2 mM
of L-glutamine. Cells (4 10° per well) were distributed in flat-bottom microtitre plates in a
volume of 10Qul, and an equal volume of medium alone or containingi®f concanavin

A (Con-A) was added. Each treatment was done in triplicate. Cultures were incubated for
5 days at 37C, in a humidified atmosphere with 5% @Orhe optimal concentration of
Con-A and time of stimulation used in this study was established in preliminary experi-
ments. Cell proliferation was quantified by measuring the incorporaticitidhymidine
(Amersham). Twelve hours before harvestingdi was added per well. Cells were har-
vested on fiber filters utilizing a cell harvester (both from Skatron). The radioactive uptake
was determined in a liquid scintillation beta counter. The intensity of the proliferative re-
sponse was expressed by the stimulation index, calculated by dividing the mean of counts
obtained in Con-A containing wells, by the mean counts of control wells. Stimulation in-
dices equal or higher than 3 were considered to be indicative of proliferation. This threshold
for positive lymphoproliferative response was based on data from a previous experiment
performed in our laboratory using 38 animals. In this study, the mean value of the prolif-
erative response of cells in presence of medium alone plus three standard deviation of the
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mean (encompassing 99.85% of the values) corresponded to a stimulation index lower than
3 (dos-Santos et al., unpublished).

2.8. Expression and statistical significance of results

The data shown in the graphs are numerical, with dots representing individual animals
and lines representing the mears.E.M. of results obtained from each group. In order to
correct for the natural heterogeneity in body weights in the studied groups, this variable is
expressed as relative (percentual) body weight gain relative to that observed at the beginning
of the experiment. Lymphoproliferative response is expressed as stimulation index: the
ratio between the mean CPM obtained from cells incubated with the mitogen and from
non-stimulated cells. The significance of the differences observed among the groups was
tested using one-way analysis of variance (ANOVA). Wherkrttest was found significant,
the difference between two groups was identified using the Student—-Newman Kleus’ test.
Trends were measured using Person’s correlation coeffigigribllowed by comparison
of slope and intercept of two lines when appropriate. For some cross-table comparisons,
Fisher's exact probability test was used. The critical level of significance admitted was
a = 0.05 (Glantz, 1998%.

3. Results
3.1. Group A

In this group, injected intradermally with chagasiassociated with. longipalpisSGL,
two out of the six animals had parasites cultured from the spleen. Parasites were identified in
culture only after 9 and 10 months of infection. PCR was positiveéshmani2DNA in all
five examined animals. In A1, A2 and A3 animals, however, the PCR varied from negative to
positive in different samples. No change was observed in the intensities afeastimania
antibody activities in the ser&ig. 1). Significant lymphoproliferative response upon stim-
ulation with Con-A was observed in three out of the four examined animals: Sl of 20.4,
29.4 and 27.6. In one of the animals the Sl was 1.7. The other clinical-laboratorial features
studied did not change significantly in this group during the experiment. Two animals, A5
and A6, died during the experiment: the A6 animal died subtly on the eighth month of
infection after topic treatment with Triatox (amitraz), f8arcoptes scabéifestation. The
A5 animal died 11 months after infection with an asthenia that developed suddenly. White
blood cell count revealed 14,200 leukocytes, with 64.7% neutrophils. Of these two animals,
only the A5 animal hadleishmaniaamastigotes detected in the spleen (Eade J).

3.2. Group B

Three out of the five animals in this group, injected intradermally witthagasialone,
had spleen cultures positive foeishmania Parasites were isolated in the cultures after 9
(two animals) and 10 (one animal) months of infection. PCR was positiviedishmania
DNA in spleen samples from all four examined animals. In the B2 animal, however, the PCR
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Fig. 1. Serum anti-eishmaniaantibodies in dogs infected with chagasiCurves correspond to the mean values
of results obtained from the serum of dogs infected intravenously (intravéedismanid, infected intradermally

in the presence (intradermiaéishmaniat saliva) or in the absence (intradermarbhaishmanid of L. longipalpis
SGL, or uninfected (saline). Vertical bars represent the standard error of means.

varied from negative to positive in different samples. Circulating etshmaniaantibody

levels remained low during all the experiments, and only a small increase in these levels
was observed after 11 months of infectiéiig. 1). Positive lymphoproliferative response to
Con-Awas observed in three out of the four examined animals: Sl of5.4, 18.8,and 5.8. Inone
of the animals the Sl was 1.4. The other clinical-laboratorial features did not significantly
change in the group during the experiment. One animal, B5, was sacrificed in the 10th month
of infection after developing gingivitis with abscess and loss of one tooth. All the spleen
cultures performed during the experiment were negativedéishmanian this animal.

3.3. GroupC

Culture, PCR and ELISA for detection of ahteishmaniaantibodies in the serum were
consistently negative in this group of uninfected animals, during all the experiments. The
lymphoproliferative response to Con-A was significantly higher than in cells treated with
medium alone in three out of the four examined animals: Sl of 5.5, 5.0, and 65.8. In one of
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the animals the Sl was 0.3. The other investigations of the clinical-laboratorial parameters
did not show significant changes during the experiment.

3.4. GroupD

All the animals in this group, inoculated with chagasiby the intravenous route, had
positive spleen culture. Parasites were detected in the spleen in the first month after parasite
inoculation in one animal and from the second month in all others. The spleen cultures
remained positive throughout the 13 months of observafiailé 1. All intravenously
infected animals examined between the 9th and 13th month of infection had positive PCR for
LeishmaniaDNA in all investigated time points. All the animals infected by the intravenous
route had a significant increase in the levels of drishmaniaantibodies in the serum 5
months after infectionKig. 1). The levels of anti-eishmaniaantibodies reached a plateau
on the seventh month after infection, and remained high until the end of the experiment.
Positive lymphoproliferative response to Con-Awas observed in all three examined animals:
Slof44.8,6.1 and 14.5. Inthe animals of this group, the levels of hematocrit and hemoglobin
decreased during the experiment. The average levels of hematocrit varied fiofda at
the beginning to 29+5.9 atthe end of the experiment (Pearsea —0.8076,P = 0.0026).

The average levels of hemoglobin varied from34 1.7 in the beginning to 1@ + 2.3

at the end of the experiment (Pearson= —0.8403, P = 0.0012). The investigation

of the other clinical-laboratorial parameters did not show significant changes during the
experiment. One animal (D5) died suddenly in the ninth month of infection. Although the
immediate event that caused the death of this animal was not identified, this animal had a
papular dermatitis, anemia and low leukocyte count (3700) on the day before death, and
also positive spleen culture fbeishmania

3.5. Comparison among groups

The difference in the rate of positive spleen culture between intravenously and intrader-
mally infected groups was statistically significant from the second to the eighth month of
infection (P = 0.0001-0.018, Fisher’'s exact probability test) and was no longer signifi-
cant after the ninth month of infectior?(= 0.070, Fisher’'s exact probability test). There
was no difference in the incidences of positive spleen culturedghmanisbetween the
groups of intradermally infected animals (groups A and/B~= 0.564, Fisher’s test).
There was no difference in incidences of positive PCRs among the groups infected with
Leishmania(P = 0.497, Fisher’s exact probability test). In comparison with the intrader-
mally infected animals (groups A and B), the animals infected by the intravenous route had
significant increase in serum levels of ahishmaniaantibodies £ = 0.004, ANOVA
followed by Student—Newman Kleus’ test). No statistically significant difference in serum
anti-Leishmaniaantibody was observed between the groups of animals intradermally in-
fected withL. chagasiwith (group A) or without (group B) sand fly saliva; or between the
intradermally infected (groups A and B) and control non-infected group. Antibodies against
L. longipalpissalivary gland were not detected in any of the animals tested before or after
infection (Fig. 2). Among the other clinical-laboratorial parameters, only hematocrit and
hemoglobin were significantly decreased in the intravenously infected group. Compared
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Fig. 2. Anti-L. longipalpissalivary gland serum antibodies in dogs before injection Wwitbhagasiin presence
(@) or absence) of L. longipalpisSGL. None of the animals had significant levels of antibody in ELISA. The
closed square represents the result obtained with a serum from a dog living in an endemic area of leishmaniasis.

with the control group such decrease in levels of hematocrit and hemoglobin was statisti-
cally significant { test for comparison of the slop of two lines: for hematoda?ritc 0.0001;

for hemoglobinP < 0.0001). Body weight loss appeared to be higher in the intravenously
infected animals, although such difference was not statistically signifi¢asat 0.259).

4, Discussion

As shown in this paper, both intravenous and intradermal injectiohs ciiagasipro-
mastigotes are effective in terms of infecting Beagle dogs. Infection by the intradermal route,
however, develops slowly and the animals remain asymptomatic for a long period. Indeed,
some clinical and laboratorial parameters tended to progress less favorably in intravenously
than in intradermally infected animals. Even with complete medical support provided, ex-
cluding the use of antieishmanialrugs, the animals in the former group developed anemia
and persistently high serum levels of ah&ishmaniaantibodies and spleen parasitism. In-
fection signs were less prominent in intradermally infected animals, since parasites were
detected only sporadically in their spleen, both by parasite cultivation and PCR.

PCR and spleen cultures were always positive in intravenously infected animals, and were
observed sporadically in intradermally infected animisllathis and Deplazes (199fund
similar sensitivities for both lymph node cultures and PCR. In our experiment, however, PCR
was capable of detectingeishmaniaDNA even in samples that were negative for parasites
in culture. Even so, some intradermally infected animals had negative PCR results in some
tests. One of the possible reasons for the variable detectlarigifimanian spleen aspirates
of the intradermally infected animals, both in PCR and culture, could be a non-continuous
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(multifocal) distribution of parasites in the tissue, usually present in animals with low para-
site burden. Although a control of DNA integrity, through the amplification of constitutive
canine genes, was not performed in the small samples obtained by spleen puncture, the fact
that the material from all the animal groups were handled strictly under the same conditions
makes unlikely that the inter-group differences in PCR result from poor DNA preservation.
The differences in infection efficiencies between intravenous and intradermal routes, as
observed in this work, may not be completely ascribed to the larger amount of parasites
injected intravenously, since infection and disease have been induced with similar efficiency
by intravenous promastigote doses varying fromtba (® (Abranches etal., 1991; Paranhos
etal., 1993; Nieto et al., 19990n the other hand, the intradermal injections &t @dmore
promastigotes only produced mild signs of disease in one out of the five infected animals
in a recent studySantos-Gomes et al., 200Tolerance induced by intravenous release
of antigen Cremer et al., 1983 provided it happened in the intravenous model of CVL,
could theoretically increase the infectivity béishmanianjected by this route. Tolerance
induced againdteishmaniantigens would, however, limit the use of the intravenous model
of infection, particularly in those experiments designed to assess the efficacy of vaccine
candidates. Itis possible that under such tolerogenic conditions, the efficacy of some vaccine
candidates could be underestimated. In intradermal models of infection, both killed and live
parasites are promptly phagocyted by macrophages and Langerhans cells, and a presumed
tolerogenic effect would be less likely to occi@ohwartz, 1998
This work confirms previous observations from ours and other grdegs(hos et al.,
1993; Killick-Kendrick et al., 1994; Santos-Gomes et al., 200t evidence of infection
takes a long period to develop in animals infected by dermal injectid®ishmaniaand
signs of disease may never be present in these animals. The clinical course of experimen-
tal CVL may be influenced by a number of factors, including strain virulence, parasite
dose, source and developmental stage of promastigotes, dog Baadd-Gallego et al.,
2000 and other less easily controllable events (reviewed/ioyeno and Alvar (2003)
The unpredictable nature of the experimental infection may also reflect the spectrum of
clinical responses seen in natural infectibto(nmel et al., 1996 In fact, little is known
about the dynamics of naturbéishmanianfection in dogs. Low number of parasites are
injected intradermally during one or, probably, repeated inoculations. Nutritional status and
concomitant diseases may affect the course of infection in different animals. Under such
variable conditions, a pre-patent period of about 110 days until the appearance of positive
serology againdteishmanishas been estimate@(innel et al., 199 Some naturally in-
fected animals may never seroconvert, even after 20 months of infeetmnrgel et al.,
1995, and only half serologically positive animals may develop clinical signs of disease
(Hommel et al., 1996 Hence, the single exposure to the parasite, and the selection, in
the experimental model of healthy dogs, which may be able to mount an effective cellular
immune response, may additionally reduce the success of the intradermal models for CVL.
In this work we tried to improve the experimental model of CVL by associating salivary
gland ofL. longipalpis(the natural vector ok. chagas) with a low number of infective
parasites inoculated into the dermis. The additioh.dbngipalpisSGL to the infective in-
oculum did not change the coursd.othagasinfection; it did not lead to early amastigotes
detection in the spleen or to an increase in parasite burden in the organ. Therefore, it had no
advantage in terms of producing an experimental model for CVL. In order to exclude the
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possibility that a putative previous contact with sand flies might have immunized the animals
against salivary gland components, and thus interfered with a possible infection-enhancing
effect of saliva Belkaid et al., 1998 animal sera were tested, before infection, for the pres-
ence of antit. longipalpissalivary gland antibodies. The lack of enhancing effect of the
SGL cannot be explained by anti-saliva antibody activity, since the animals were negative
for that activity before the cutaneous injection of SGL. In effect, our results are in agree-
ment with the observations that longipalpis SGLs with high vasodilation activity did
not enhance experimental chagasinfection in mongrel dogsRaranhos et al., 199and
may vary in their ability to enhance infection in murine models of tegumentar leishmaniasis
(Castro-Sousa et al., 2001; Warburg et al., 1994

The kinetics of appearance of ah&ishmaniaantibody in the sera of intravenously or
intradermally infected animals disclosed an important characteristic of the humoral immune
response td.eishmaniain dogs: in spite of the infection being confirmed in animals in-
fected both by intravenous and intradermal route, only those with intravenous infection had
relatively high titers of antl-eishmaniantibodies. Even in this group, increase in antibody
levels only occurred after the fifth month of infection, at least 3 months after parasites had
been detected in the spleen. These findings are consistent with observations in naturally in-
fected animals; in serological surveys for canine leishmaniasis in endemic areas, about 20%
of animals had parasites in the spleen and low or undetectableeistimaniaantibodies
by ELISA (Ashford et al., 199p Such population of infected dogs with negative serol-
ogy may be constituted by animals which (1) are asymptomatic, with the infection under
control and, therefore, with low parasite burden, as described herein for animals infected
intradermally or (2) undergo disease progression, with high parasite burdens, but still with
low antibody response. This last course of infection could suggest a deficiency of both Thl
and Th2 responses, whereas the more commonly observed situation, namely high intensity
of tissue parasitism, disease progression and high levels of specific antibody, would occur in
animals in which a Th2-biased immune respondedishmanighad evolvedRinelli et al.,
1994; Cabral et al., 1998

Finally, suppression of lymphoproliferative response to non-specific mitogens has been
reported in symptomatic and apparently healthynfantuminfected animalse Luna
et al., 1999; Moreno et al., 1999; Rhalem et al., 199%n in the early stages of infec-
tion (De Luna et al., 19909 Such observations were not confirmed in our study. Peripheral
mononuclear cells, even from those animals intravenously infectedlwithagasj with
relatively persistent parasite burden and positive ELISA, proliferated as well as cells from
control uninfected dogs in the presence of Con-A. This data agrees with the previously
reported observatiorP(nelli et al., 1994, 1998hat non-specific immunosuppression does
not necessarily occur ih. chagasiL. infantuminfected dogs. The possibility that the de-
velopment of non-specific immunosuppression in CVL could depend on yet unidentified
parasite- and/or host-derived factors cannot, however, be excluded.
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